The harmful effects of medication and licit substance use during pregnancy may potentially constitute a major public health concern. Our study aims to assess risky exposure of Lebanese pregnant women to drugs, tobacco, caffeine, and alcohol, and to determine their effect on postnatal outcomes. Methods: Women at term were addressed after delivery in five university hospitals of Beirut and Mount Lebanon between February and June 2012. A standardized questionnaire was administered to them. Moreover, medical files of both mothers and their respective newborns were checked to confirm information given by mothers, and to assess the health outcome of the babies. Results: Among the interviewed 350 women, active and passive smoking of tobacco (cigarette or water pipe), and consumption of category C, D, and X drugs were common during pregnancy in Lebanon; they were shown to negatively affect the neonatal outcome in multivariate analyses: they significantly decreased Apgar scores and increased the risk of underweight and medical complications of babies (P , 0.05). Conclusion: Our study demonstrated that Lebanese women were exposed during pregnancy to multiple medications and licit substances that affected the neonates' health. Our findings have implications for clinical obstetric practice and prevention programs in Lebanon. Efforts should be made to decrease exposure to harmful substances during pregnancy.
Introduction
Every year, more than 9 million babies die in utero or in the first few weeks of life, and the majority of these deaths occur in developing countries, where teratogens play a major role. 1 In fact, the term "teratogen" is used to designate products with teratogenic potential at clinical doses used in humans. 2 It indicates an exposure to a physical or chemical agent that can interfere with normal development of cells and tissues and results in abnormalities and malformations in newborns. 3 Currently, reproductive toxicologists consider the four major manifestations of abnormal fetal development to be growth alteration, functional deficit, structural malformation, and death. 4 Teratogenicity can be triggered by many materials, such as medications and licit substances like alcohol, caffeine, and tobacco. 3 Despite the lack of information on the safety of drug use during pregnancy, most pregnant women will likely be exposed to drugs. Indeed, fetal exposure can occur either before or after a woman knows she is pregnant. Many epidemiological studies have demonstrated that using drugs is associated with an increased risk of birth defects, 2 depending on types, timing, frequency, intensity, and duration of exposure. 2 On the other hand, exposure to smoke, coffee, and alcohol during pregnancy can contribute to perinatal complications and poor neonatal outcomes, consequences that have been well identified in epidemiological studies. Effectively, maternal smoking during pregnancy is an established risk factor for miscarriage, perinatal mortality, low birth weight, premature births, and small babies. [5] [6] [7] [8] [9] Despite the risks, many women still smoke during pregnancy: 17% in England and Wales, 10 and 14% in the US. 11 In Lebanon, a study conducted by Chaaya and collaborators showed that pregnant women were partially knowledgeable about the health risks of cigarette and water-pipe smoking, and they had permissive attitudes towards all forms of smoking. Moreover, almost one-quarter (23%) of participants reported smoking during pregnancy, with 17% smoking only cigarettes, 4% smoking only water pipe, and 1.5% smoking both. 12 Smoking is responsible for 15% of all preterm births and increases the risk of perinatal mortality threefold. 13 Although caffeine has been demonstrated to produce birth defects and fetal mortality in animal models, its effects in humans at normal levels of consumption are much less certain. A high level of coffee consumption is however associated with an increased risk of fetal death; it was linked to various adverse pregnancy outcomes, including fetal loss, birth defects, and fetal growth retardation.
14 Finally, drinking alcohol during pregnancy can cause miscarriage, premature birth, stillbirth, low birth weight, 15 and a range of lifelong disorders, known as fetal alcohol spectrum disorders. 16 The most known, fetal alcohol syndrome, is one of the leading known preventable causes of mental retardation and birth defects. 16 To our knowledge, no data exist about exposure of pregnant women to these substances in Lebanon.
While the harmful effects of different medications and licit substance use during pregnancy may potentially constitute a major public health concern worldwide, few epidemiological studies have examined the actual prevalence of risky substance exposure during pregnancy and its relation to perinatal problems in Lebanon. These data are important when making recommendations to health-care providers on screening substance use during pregnancy and for helping pregnant women to avoid these substances. Therefore, this study aimed to assess risky exposure of pregnant Lebanese women to drugs, tobacco, caffeine, and alcohol; a secondary objective was to assess their effect on postnatal outcomes.
Materials and methods

Population and data collection
Consecutive delivering women at term were addressed after delivery in five university tertiary care hospitals of Beirut and Mount Lebanon between January and June 2012; one of the hospitals was public, while the four others were private. After oral informed consent, women were interviewed faceto-face by trained interviewers (interviewers were sixth-year pharmacy interns). We note that preterm delivering women, complicated pregnancies, and women with non-singleton fetuses were excluded from the study.
One day after delivery, women were told about the objective of the study, which was to describe their exposures to and consumption of different substances during pregnancy. Anonymity and confidentiality of the results were ensured, but no incentive was given for participants.
A standardized questionnaire was administered to them, inquiring about the following characteristics and exposures during pregnancy: sociodemographic characteristics, parity, medical problems before and during pregnancy, drugs and supplements taken during pregnancy, exposure to water-pipe and cigarette smoking (active and passive smoking), and consumption of alcohol, caffeine, and caffeinated beverages.
Moreover, medical files of both mothers and their respective children were checked to confirm information given by mothers, and to assess the health outcome of the babies until hospital discharge: weight, height, cranial perimeter, appearance, pulse, grimace, activity, and respiration score (Apgar score) at 5 and 10 minutes, and the presence of a medical problem requiring transfer to the neonatal care unit (NCU). For Apgar score, each of the five criteria is scored from 0 to 2: 2 is reserved for strictly normal states, 0 for major anomalies, and 1 for all intermediate states.
The normal newborn has an Apgar score greater than 7 at 5 and 10 minutes of life. 17 
Definitions and classification
Exposure to drugs was firstly assessed by drug name, and further classification was performed according to FDA classification of drugs during pregnancy:
18 category A (adequate and well-controlled studies have failed to demonstrate a risk to the fetus in the first trimester of pregnancy, and there is no evidence of risk in later trimesters), category B (animal reproduction studies have failed to demonstrate a risk to the fetus, and there are no adequate and well-controlled studies in pregnant women), category C (animal reproduction studies have shown an submit your manuscript | www.dovepress.com Dovepress Dovepress adverse effect on the fetus, and there are no adequate and well-controlled studies in humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks), category D (there is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience or studies in humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks), and category X (studies in animals or humans have demonstrated fetal abnormalities and/or there is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience, and the risks involved in use of the drug in pregnant women clearly outweigh potential benefits). 18 Drugs with mixed categories were classified according to the higher level of risk.
Smoking, caffeine, and alcohol exposure were assessed by a dichotomous variable of yes/no exposure; in the case of a positive answer, mean frequency of exposure was assessed. For neonates, weight at birth, Apgar score at 5 and 10 minutes after birth, 19 and health problems that required transfer to the NCU were evaluated (fever, infection, respiratory distress, and severe hyperbilirubinemia). Babies were considered underweight if their birth weight was lower than 2750 g; this broader definition than the usual one was adopted because of the low number of babies with birth weight ,2500 g.
Statistical analysis
Data entry and analysis were performed using SPSS version 18.0 (IBM, Armonk, NY, USA). For Apgar score at 5 and 10 minutes, a transformation into logarithmic function to allow for a normal distribution of these variables was performed. Percentages were shown for qualitative variables, while means and standard deviation were given for quantitative variables. The chi-squared test was used to compare between-group percentages, while Student's t-test or analysis of variance were used to compare means between two or more groups, respectively. Missing data were not replaced.
Furthermore, multivariate analyses were performed: a multiple linear regression when the dependent variable was quantitative (Apgar scores for 5 and 10 minutes, and a logistic regression when the dependent variable was dichotomous [underweight baby, medical problem that required transfer to the NCU]). Backward stepwise models were retained, after ensuring models' adequacy using appropriate methods (normality of residuals for multiple regression and Hosmer-Lemeshow test for logistic regression).
Probabilities were used for stepwise removal (P = 0.10) and for stepwise entry (P = 0.05). Independent variables were age of the mother, geographical origin, body mass index before pregnancy, education level, occupation, parity, delivery type, medical problem types during pregnancy, weight gain during pregnancy, number of live children, delivery term, and exposure to medications and licit substances. The absence of collinearity between factors was checked by verifying the correlation coefficient of items and the variance inflation factor of retained items, which remained lower than 10.
Results
Description of the sample
Among 367 consecutive delivering women who were approached, 350 (95.4%) agreed to participate; nonresponders expressed that they were not interested in participating. Characteristics and outcome of the neonates Table 2 shows the characteristics of neonates. Of the 350 neonates included in our study, 50.9% were males. Most of them had a normal weight, whereas 13.4% were underweight. Cranial perimeter was unmeasured in 74% of neonates. Congenital malformations were detected in two neonates, and 16 neonates were transferred to the NCU due to medical problems. The means of the Apgar score done 5 and 10 minutes after delivery were 8.49 and 9.66, respectively.
Exposure to drugs and supplements, and behavior during pregnancy Figure 1 describes drug, supplement, and toxic substance use during pregnancy. Most of the women in our study were taking such supplements as iron (76.90%), folic acid (66.90%), multiple vitamins (66%), and calcium (48.9%). A total of 259 (74%) women reported drinking caffeinated beverages during pregnancy, whereas only 1.1% of them drank alcohol. However, 47.5% declared being exposed to smoking: 32% were exposed to passive smoking, 6.3% were active cigarette smokers, and 8.3% were water-pipe smokers. Among drugs, category B and C drugs were the most taken, with 72.9% and 34.9%, respectively, while category D represented 10.6% and there was a very low percentage for category X drugs (0.3%).
In bivariate analysis, education level was not associated with substance and drug consumption, except for active smoking, which was significantly less common in universityeducated women versus others (9.5% versus 25%, P , 0.001). Women aged 33 years and older consumed significantly more alcohol and drugs of categories B and D than younger women (P , 0.05); however, no significant differences were observed between geographical regions (P . 0.05) (results not shown).
Multivariate analyses
In order to test the effect of different sociodemographic and clinical characteristics as well as different behaviors during pregnancy on neonates' medical problems, development and on the risk of having underweight babies, logistic regression models were used (Table 3) .
We found that active tobacco smoking was significantly associated with an elevated risk of medical problems (P , 0.047); babies born from tobacco-smoking mothers had approximately three times more risk of having medical problems requiring NCU transfer. Coffee consumption may also be strongly associated with neonatal medical problems (adjusted odds ratio [AOR] = 4.37). As expected, we also noticed that having a late delivery is highly associated with a decrease in the risk of neonates developing medical problems, or having underweight babies (P , 0.001).
We observed that consuming category C drugs (AOR = 2.01, conf idence inter val 1.06-4.02) or being a passive smoker (AOR = 2.2, conf idence interval = 1.13-4.31) were significantly associated with increased risk of having underweight babies. Active tobacco smoking was associated with a higher risk of underweight babies (AOR . 1), but the results did not reach statistical significance (P = 0.151).
Concerning the relationship between the Apgar score and drug and other substance use during pregnancy, we found that higher frequencies of weekly water pipe and of daily cigarette pack consumption were associated with a lower Apgar score at 5 or 10 minutes. The exposure to category D drugs during pregnancy was also significantly related to a smaller Apgar 10. In addition, we found that having gestational diabetes was negatively associated with 
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Apgar score. Finally, exposure to category X drugs may negatively affect the Apgar 5 (P = 0.07) ( Table 4 ).
Discussion
Our study evaluated the exposure of pregnant Lebanese women to risky substances and their influence on birth outcomes. We noticed that the participants were exposed to multiple factors that may affect the neonates' health. Indeed, most of them drank caffeinated beverages (75%), while substantial proportions were exposed to smoking (active and passive, cigarette and water pipe), alcohol, and drugs. Our results are more or less similar to those of others for coffee, 20, 21 smoking, 22, 23 alcohol, 24 and drugs. 25, 26 For active smoking, they are lower than those of Chaaya and collaborators, 12 probably due to the higher education level of our population.
The high consumption of caffeinated beverages is not surprising, given that the use of caffeinated substances is not forbidden by doctors during pregnancy, since reports about its harm on the fetus are scant and inconclusive, 27 as opposed to alcohol or tobacco consumption. It is troubling, however, given that coffee consumption was associated with higher risk of neonates' medical problems with a tendency to significance (P = 0.064); in fact, the occurrence of congenital malformations, fetal growth retardation, smallfor-date babies, miscarriages (spontaneous abortions), behavioral effects, and maternal fertility problems that presumably resulted from caffeine consumption have all been reported. 28 In a Danish study of 7346 pregnant women, authors found that consumption of coffee during pregnancy was associated with a higher risk of fetal death, especially losses occurring after 20 completed weeks of gestation. 29 The increased risk was linked to various adverse pregnancy outcomes, including fetal loss, birth defects, fetal growth retardation, and increased number of uterine contraction peaks. Thus, coffee consumption during pregnancy has been subject to preventive action in some countries, 30 and was recommended to be restricted by several researchers. 31, 32 On the other hand, the trend we found may be due to the fact that caffeine is present at different concentrations in many beverages, including coffee, tea, and colas, as well as chocolate, and in our study we did not differentiate and Independent variables entered in the initial model were age of the mother, geographical origin, body mass index before pregnancy, education level, occupation, parity, delivery type, medical problem types during pregnancy (anemia, hypertension, gestational diabetes), weight gain during pregnancy, number of live children, delivery term, and exposure to medications and licit substances. Abbreviation: CI, confidence interval. Notes: *Nagelkerke R 2 = 0.252, Hosmer-Lemeshow P = 0.477, 95.5% correctly classified; **Nagelkerke R 2 = 0.289, Hosmer-Lemeshow P = 0.568, 94.3% correctly classified. Collinearity absence was verified. Independent variables entered in the initial model were age of the mother, geographical origin, body mass index before pregnancy, education level, occupation, parity, delivery type, medical problem types during pregnancy (anemia, hypertension, gestational diabetes), weight gain during pregnancy, number of live children, delivery term, and exposure to medications and licit substances. Abbreviations: CI, confidence interval; OR, unadjusted odds ratio; AOR, adjusted odds ratio.
divide our analysis into the types of caffeinated beverages, but took all in at once. Additional studies will be necessary to confirm these effects.
Several other associations of substance use during pregnancy emerged from this study: our results showed a significant association between mothers' tobacco smoking and elevated risk of medical problems. Indeed, babies born from tobacco-smoking mothers had approximately three times more risk of having medical problems requiring NCU transfer. Paralleling our results, numerous studies have shown strong associations between maternal cigarette smoking and neonatal morbidity and mortality. [33] [34] [35] In other studies, smoking was recognized as a major risk factor for poor birth outcomes that needed transfer to the NCU. 36 Furthermore, some researchers found that maternal smoking was associated with an increased risk of sudden infant death syndrome. Król and collaborators confirmed that active smoking during pregnancy had a negative effect on the cerebral mass of the neonate; the deficiency in cerebral mass increased with greater smoking intensity. 37 The risk to the developing fetus seems primarily due to the nicotine: the biological mechanisms of how nicotine affects fetal development have been examined in extensive human and laboratory studies, which showed that nicotine crosses the placenta and targets specific neurotransmitter receptors in the fetal brain, eliciting abnormal cell proliferation and increasing susceptibility to hypoxia-induced brain damage. 3, 38 In addition, we demonstrated, consistently with other research, 30 that babies born submit your manuscript | www.dovepress.com
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to women who smoked a water pipe during pregnancy had a higher proportion of immediate need for extra medical or emergency care. For active cigarette smoking, although we found a relationship between active smoking and underweight, the relationship we found did not reach statistical significance, probably due to the low prevalence of active smokers or the low smoking dose. Similarly, we found a doubling of the risk of underweight in babies of women who were exposed to passive smoking; this is consistent with other studies in which high environmental tobacco-smoke exposure was associated with low birth weight, preterm birth, and most strongly preterm birth. 39 On average, birth weight was reduced by 120 g per pack of cigarettes (or cigar/pipe equivalent) smoked daily by the father. 40 Alcohol use was much less reported during pregnancy than other substances (1.1%) in this study. In contrast to other reports, 15, 16 we did not find any association with postnatal outcomes. This is due to the low number of pregnant women that were reported drinking alcohol during their pregnancy.
Another important risk factor was the exposure to drugs. Our participants seemed to be consuming medications belonging to categories B (72.9%) and C (34.9%), whereas category D (10.6%) and X (0.3%) drugs were much less taken. This indicates that pregnant Lebanese women may have been more likely to stay away from the most dangerous drug categories (D and X), as might have been recommended by their doctor and/or pharmacist. Other explanations would be that they may have less access to or need of these drugs, in addition to social desirability in responding, or, they may be underreporting these drugs for fear of legal consequences of disclosing this information. However, we think that the latter explanations are less likely, and we doubt that Lebanese women are aware of the classification of drugs during pregnancy. Nevertheless, confirmation of drug use with urine samples would have given more credibility to prevalence rates; further studies are suggested to take into account this last point.
Our results are however similar to those of other countries: for instance, about two-thirds of women in the US take one or more prescription medications during pregnancy. Nevertheless, it was found that more that 90% of the medications approved by the FDA from 1980 to 2000 had insufficient data to determine safety in pregnancy. 41 In addition, in a national study done in Brazil on 610 pregnant women, results were similar to ours, and category D and X drugs were taken during pregnancy in low percentages. 42 Furthermore, in the multivariate analysis, the use of these medications during pregnancy was associated with the newborn's status in several ways: category C medication intake was associated with underweight birth, while the use of D-and X-category drugs were associated with increased risk of immediate need for intensive care.
There are several limitations to the current analysis that warrant mentioning. First, a selection bias is possible, since we worked with women who delivered in university tertiary care hospitals of the capital and surroundings; they may not represent the childbearing Lebanese population, particularly those of lower socioeconomic status from remote areas. We expect our results to be underestimating the true prevalence of exposure to toxic substances during pregnancy. Moreover, the data are cross-sectional, and therefore no causal relationships can be inferred; analytical results are presented indicatively.
Second, the risk of developing birth defects depends on exposure, timing, dosing, and route of administration; 2 this information was missing from our data, and while reporting substance use for analysis, there was no specification of timing of exposure, dose, or route of administration for these substances. Therefore, we were not able to adjust our model on timing or dosage. In fact, we did not collect information about these factors because of probable nondifferential memory bias; this may lead to crucial differences in results between using substances in the first trimester and afterwards. The information bias could also be differential, women with children who had health problems being more able to remember exposures than women with healthy children; this bias is expected to induce false-positive associations.
Third, a medical problem that occurred in newborns was not detailed because of the low number of babies that had such a problem, which precluded detailed analysis, and we could not perform any analysis on congenital malformations since only two cases were found. Finally, a confounding bias is possible, since we may not have taken all potential confounders into account or the sample size may have precluded showing some associations. For example, although anemia would be expected to affect birth weight, it was removed from the final model in our study; this may be due to an underpowering of our sample size or to a low severity of anemia, given particularly that the majority of women were taking iron supplements. Although larger-scale studies may be necessary to adjust or confirm our analytical results, we do not expect that drastic changes in essential results would occur, especially concerning substantial levels of exposure to some substances and medications.
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Conclusion
Our study demonstrated that Lebanese women were exposed during pregnancy to medications and licit substances that affected neonates' health. Some risk factors associated with neonatal medical problems were identified, including active tobacco smoking and coffee consumption. Consuming category C drugs or being a passive smoker was associated with increased risk of having underweight babies. Higher weekly water-pipe exposure, number of daily cigarette packs, or exposure to category D drugs during pregnancy were associated with a lower Apgar score. Our findings have implications for clinical obstetric practice and prevention and intervention programs: clinicians should screen all pregnant women for smoking, exposure to caffeine, and other substance use and give them appropriate advice and explain all risks that may develop while using these substances.
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